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Outline

 LENA design

» PMTs and Readout Electronics

 Liquid Scintillator

* Physics goals: from low to high-E physics
e SumMmary



Philadelphia perspective...




Cavern
Height 115m
Diameter 50 m
 Shielding of cosmic

rays with 4000 m.w.e.

» Egg-shaped for
increased stability

Steel Tank
Height 100 m
Diameter 30 m

~65,000 PMTs (8%)
with Winston Cones
CLF5%)

Nylon Vessel
between buffer and
target volume

LENA Design

Muon Veto

« plastic scintillator panels
on top

» 100 kt Water Cerenkov
Detector with 5,000
8" PMTs

— fast neutron background

reduction

Buffer Volume
Thickness 2m

_100m

Non-scint. organic liquid
shielding external
radioactivity

Target Volume
Height 100 m
Diameter 26 m

50 kt of organic liquid
scintillator




LENA Design
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Muohn Veto

Cavern Jw — « plastic scintillator panels
Hei :
il Detector properties e

« Shieldin §,000

rays witl « Good Energy Resolution
.ﬁ?;?eZQ ~ 200 photoelectrons per MeV pacgualing

* Low Detection Threshold
~200 keV (due to intrinsic **C background) Lime
Steel T 1
Hei ©* EXcellent Background Reduction AT:323225S
Diaj - coincidence signals (inverse beta decay) [aant Hgai
- pulse shape discrimination

~65,000 : :

with wirl © Radiopurity |

(1.75x)| - experience from Borexino

 Self-shielding monolithic detector shield its
Nylon V| central volume against external backgrounds
between .
—SURTOTrorgarmc myuid

fargetvolume scintillator




LAGUNA site study
LY o, |

LAGUNA site study
(Large Apparatus for Grand Unification
and Neutrino Astronomy)

 EU funded FP7 study

e 3 detectors, 7 locations

Possible LENA locations ( >4 km.w.e)
— Pyhasalmi (FIN)
- Frejus (F)

Dedicated talks:
\/ — Site comparison: W. Trzaska
— Geotechn. studies @ Pyhasalmi: G. Nuijten

~mm } rA3
@ Lombardi




LENA

STEEL

LIQUIDS: Steel Tank

Liquid scintillator oil
(51,000 m?, 43.8 kton)

Non-scintillating oil
(19,700 m2, 17.0 kton)

TOTAL: 70,700 m®

LIQUIDS: Concrete Tank

Liquid scintillator oil
(51,000 m?, 43.8 kton)

Non-scintillating oil
(39,800 m?, 34 2 kton)

TOTAL: 90,800 m®




Detector performance

Scintillator

* Decay Times

e Light Yield
 Attenuation length
 Scattering lenght
« Radiopurity

N

Photosensors

e Photo detection
efficiency

» Spectral response

 Optical coverage

e Granularity

1L

Monte Carlo
simulations

1

Physics program

and potential

Electronics
e Dynamic
Range

* Trigger

e Sampling

@



— See talk this afternoon

Photosensors

Good energy resolution

- ~30% optical coverage
- 3000m? effective photosensitive

PMT testing in Garching and
Borexino test stand @LNGS

area
- Light yield = 200 pe/MeV - characteristics of possible PMTs
S, _ - afterpulses
Good timing resolution - time jitter...

- collaborations with

10"
20"

No light
concentrators

329,300

110400

82,300
21,600

Light concen- KI\/I3Net. 2512

trators (1.75) - INFN Milano, LNGS, Tubingen

188,200 - ETEL, Hamamatsu

63.000 PIVITs are probak J/ the JIJJ/ 0jflejie)
SENSOIFLIENVRICIIRCARS U=l

47,000 requirement classes

12,300



Electronics

e PMTs as sensors
 Requirements

° Large dynamic range. single p.e. - few 100 p.e. per channel
e NS timing (1-2 GSI/s)
e« Zero dead time - sufficient onboard memory

e 2 solutions investigated

1. FADC for all PMTs: expensive

2. Customised ASIC boards for small
PMT arrays:
Investigated by Pmm2 group for
MEMPHYS detector




— Mixture of organic solvent + fluor (wavelength

Liquid

shifter)
Properties investigated

iIn small scale experiments

 Attenuation length

Scintillator

Light yield

Scattering length

Solvents:
* LAB
* PXE

* DIN, Tetradecane (non-scint.)

Refraction index
Gamma Quenching

: Fluor:
Proton Quenching « PPO
Fluorescence Decay Constants « PMP
Scintillation Spectra « pTP
* bisMSB

~ Input for LENA MCto
Invesilcziiz onysles goigriizl

1 scintillator ¥ -,

tower

pulser :
: measul ng s

¢ tube PI
&
‘;, *’T
5 — 9 ]
1 “
[

-0 black- box




Anisotropic scattering length|m]
2 8 £ =

Solvents Wavelength shifters

15t and 3 2
3g/f PMP - 701 E£31 950 £0.02 4.15 £ 0.02
2g/f PPO + 20mg/f Bis-MSB 102.0 £ 3.3 85.3 + 1.4 2.61 £ 0.05
A +£09 853015 B
T+ 08 521 4+ 0.005 |
24+ 0.2 6954 002
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FXE
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Incident wavelength [m]
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+
+
LAB + 2g/¢ PMF - 83.9 £ 3.0
+
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& =1 o

DIN
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PXE +2g/| PPD +20myg/l bisMSE

PXE +29/1 PPQ
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Relative light output
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Wavelength in nm




LENA Physics goals overview

Low-Energy Neutrino Physics
- Galactic Supernova Neutrinos
- Diffuse SN Background Neutrinos
- Solar Neutrinos
- Geoneutrinos
- Short-baseline Neutrino Oscillations
- Neutrinos from DM annihilation

GeV Physics

- Nucleon Decay Search
- Long Baseline Neutrino Beams
- Atmospheric Neutrinos



Supernova Neutrinos

— Neutrinos from a Galactic Core-Collapse SN
— Neutrinos from Diffuse SN Background

* SN physics
- Galactic SN v
 high-statistic measurement
 determine detailed 'light curves' and spectra
for each flavour
» Neutronization burst observation

- DSNB
- average v_ spectrum, exclusion of extreme SN scenarios

- first observation
* Neutrino properties

« Matter effects on neutrino oscillations in SN envelope (MSW, collective osc.)
and Earth - 8, neutrino mass hierachy
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Ml = =
A -

mm
v+12C — v+12C*

12C* 5 12C +y

V+12C > 12N + e

12N — 12C + e* +V,

-- Events for <E> values

V #+12C — 12B +e* 14,39 MeV e
12B — 12C + e +v,

Entries
Mean 0.2818
RMS 0.7842

Garching group

100
Energy (MeV)

50 kt @ 10 kpc Scholberg,




“event rates (per 10yrs-M éVj |

reactor

. capture on
/ proton —

22MeVy

~——energy window——

%

10 15 20

~heutrino energy (MeV)




DSNB background

« Atmospheric and reactor electron anti-neutrinos (both location
dependant):
irreducible - define observation window

e Cosmogenic °Li, 2He
« produced by cosmic muons
e [-n emitter
« mimick delayed coincidence signal

Reduction technique:

e energy cut, discarding He
« combined spatial and time cut suppressing °Li:

veto a cylinder of 2 m around muon track for 1 s (>5T )

- residual °Li rate of ~2% with a negligible dead time of ~ 0.1%
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= Baheall=Serenelli 2005

Neutrino Spectrum (+1g)
TBe- + 10.5%
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Neutrino Energy in MeV

ve — e =0.25 40
| 0.8-14 2.8x 1072
- - .. N 0.8-14 1.9x 107




Geoneutrinos

«v_produced by U/Th decay chains, Ka

10'F

« Detection reaction: inverse beta decay
~1000 events per year, location

1w e iz s

Number of anti-neutrinos per MeV per parent
AN
-
/
/

dependant 7 A
Goals "“"““\\g
* measure abundance of ***U and **Th G Py
inside Earth crust and mantle
_ _ : i BSE model:
e quantify the radiogenic constribution to @Pyhisalmi 50 TNU
the total heat flux @Fréjus 40 TNU

 help to understand geophysical
processes and origin and formation of Background:

Earth .
- Reactor Neutrinos
o with a 2nd detector (like Hanohano): - 9Li and 8He: muon-induced Rn-emitter
disentangle oceanic/continental crust - Fast neutrons and 2C(a,n)¢O:
WiEeIIE) o2 Veif effor o) toizl] Y each ~10 evts/year (MC)

HUXSTRE eV YsH evel
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Se-75: 6x120 days, sin“20,5=0.1

Total Events
solar Be-7

Se-75 --
nue->nue deficit --
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LENA: Cr-51: 3x28 days, sin°26,,=0.14, dm?,,=1.5 eV?

Cr-51 unosc
Total

Osc. Events
solar Be-7

Radius [m]
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GeV Event Reconstruction

* |nvestigated in Monte Carlo simulations
* ldentification of energy, momentum and flavour

* For tracks > O(10cm) distortion of the spherical light front emerging
from track

Muons

Integrated charge distribution First hit distribution (TOF corrected)
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Long-baseline Neutrinos

e Searching for 9., o

maximal 923

mass hierachy, and check for

131 =cp?

e Options currently investigated
 Conventional v beam CERN-Pyhasalmi (2288 km)

- Appearance experiment: ‘\Tu S
- Background due to NC 1 production, further studies ongoing

 Beta beam CERN-Fréjus (130 km)

— discrimination of electron and muon by pulse-shape analysis:
- efficieny for muons: ~90%
- residual electrons: <1%

* Will be investigated in LAGUNA-LBNO FP7 study



The next-generation liquid-scintillator neutrino observatory LENA

Michael Wi, 2:* John F. Beacom,® Leonid B. Bezrukov,* Daniel Bidk,? Johannes Bliimer,” Sandhya
Choubey,® Christian Ciemniak,! Davide D’Angelo,” Basudeb Dasgupta,® Amol Dighe,® Grigorij Domogatsky,*
Steve Dye,” Sergey Eliseev,'” Timo Enqvist,'! Alexey Ervkalov,'” Franz von Feilitzsch,! Giamni
Fiorentini,}? Tobias Fischer,1d Marianne Goger-Neff,! Peter Grabmayr,!* Caren Hagner,? Dominikus

Hellgartner,! Johammes Hissa,'! Shunsaku Horiuchi,? Hans-Thomas Janka,'® Claude Janpart,'© Josef
Jochum,1* Tuomo Kalliokoski,1? Pasi Kuusiniemi,!! Tobias Lachenmaier,!* Tonel Lazami,1® John G.
Learned,'” Timo Lewke,! Paolo Lambardi,” Sebastian Lorenz.? Bayarto Lubsandorzhiev,* 14 Livia
Ludhova,’” Kai Loo,!7 Jukka Maalampi,!? Fabio Mantovani,!2 Michela Marafini,? Jelena Maricic,2!
Teresa Marroddn Undagoitia,>? William F. McDonough,?® Lino Miramonti,” Alessandro Mirizzi,2* Quirin
Meindl,! Olga Mena,?® Randolph Méllenberg,! Rolf Nahnhauer,?® Dmitry Nesterenko,!” Yuri N.

Novikov,!? Guido Nuijten,?” Lothar Oberaner,! Sandip Pakvasa,?® Sergio Palomares-Ruiz, % Marco

Pallavicini,® Silvia Pascoli,*! Thomas Patzak,?® Juha Peltoniemi,®? Walter Potzel,! Tomi Réih#,
Georg G. Raffelt.*® Gioacchino Ramicei,” Soebur Razzaque,®* Kari Rummukainen,” Juho Sarkamo,*!
Valerij Sinev,* Christian Spiering,?® Achim Stahl,*® Felicitas Thorne,! Marc Tippmamm,! Alessandra
Tonazzo,2° Wladyslaw H. Trzaska,'™ Joln D. Vergados,*” Christopher Wiebusch,?® and Jiirgen Winter!




Summary

* Liquid scintillator is a very attractive detection target for a
next-generation large-volume neutrino observatory

* Proven technology: wealth of results from KamLAND and
Borexino

* Broad physics programme: Particle Physics, Astrophysics,
Geophysics...

* Wide energy range: sub-MeV to GeV

* Growing community in the field: LAGUNA, LAGUNA-LBNO,
LENA Whitepaper

Thank you for your attention!
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